Abstract. Uncertainty analysis of the parameters of conceptual rainfall-runoff models is studied via application of the Xin'anjiang (XAJ) model as a case study. A new research methodology is suggested. We suggest to fix a subset of insensitive parameters first, and then analyze the uncertainty of the other parameters. The results show that after fixing some insensitive parameters, the scatter plot of parameters K, SM, and CS exhibit likelihood values with higher slopes and display more obvious clustering phenomenon in the daily rainfall-runoff simulation. It is inferred that the influence of insensitive parameters is one of the factors contributing to hydrological forecasting uncertainty.
Introduction
The parameters of conceptual rainfall-runoff models reflect watershed hydrological characteristics. In theory, the value of parameters of the Xin'anjiang (XAJ) model [1] could be directly measured since all of the parameters have definite physical meaning. However, in practice, a lack of the measurement and experiment often requires that they be calibrated as a set of "optimal" parameters by using a system identification method based on observation data [2] [3] . The uncertainty of model parameter calibration will lead to uncertainty in the hydrological process simulation and forecast result. At present, the quantitative description of parameter calibration uncertainty and its influence on hydrologic forecasting uncertainty has become a popular topic of research.
There is always uncertainty in watershed rainfall-runoff models. A novel approach to parameter uncertainty analysis of hydrological models using neural networks is developed by Shrestha et al. [4] . The key aspect we are focused on when applying these models is how the uncertainty will affect the precision and effective use of the model. The Generalized Likelihood Uncertainty Estimation (GLUE) [5] is one analysis method that attempts to quantify uncertainty from this perspective. Because of its simplicity, ease of use, and ability to simulate complex problems, the GLUE method has been successfully applied in the field of hydrology.
The XAJ model is used extensively throughout the world; however, there is little research to date on its parameter uncertainty. On the basis of previous studies, we attempt to conduct further research.
Requirements of GLUE
The results calculated by the GLUE method largely depend on the choice of likelihood function. The results presented in this study make use of the sum of squared errors [6] 
which has the feature that in applying Bayes' equation for updating of the likelihood weights, the error variance for each period of data is given equal weight [6] .
Definition of the Parameters Ranges of XAJ Model
The GLUE methodology is used to calibrate the XAJ model using a continuous 7-year record (1981) (1982) (1983) (1984) (1985) (1986) (1987) of historical data for the Yandu River watershed (601 km 2 ), China. The parameters of the model are shown in Table 1 , together with the respective ranges. We conduct 50,000 sets of parameters sampling via uniform distribution. These ranges were chosen on the basis of physical meaning. These ranges are wider than the expected possible values for the watershed to ensure that the simulation could cover the factual data and that a random combination of parameters could fully represent the watershed. However, all prior likelihood evaluations are set to 0 for parameter values outside these parameter ranges. 
Application of GLUE to the XAJ Model --Flood simulation
We selected 9 floods that occurred during the period of 1981 to 1987 from historical data on the Yandu River for this study. The top 6 floods are used to calculate the parameters, and the other 3 floods are used for verification and validation. There were 30000 sets of parameter sampling that were taken by uniform distribution. Sensitivity analysis of XAJ Model parameters. Sensitivity analysis of parameters in the flood simulation is similar to the process taken in the daily rainfall-runoff simulation. Fig.1 shows the scatter plot for parameters of Flood 19830623. As can be seen from Fig.1 , the parameter K, which is sensitive in the daily rainfall-runoff simulation, becomes insensitive in the flood simulation. The parameter SM is varies markedly between (15, 25). It can be inferred that is sensitive within this interval and has a remarkable uncertainty. The parameters WM, WUM, and WLM tend to decrease within their search interval, and this indicates that they are relatively sensitive within the Yandu River watershed. The parameter CG has a small influence on flood simulation. The other parameters have little influence in the flood simulation.
Updating of Uncertainty Bounds. Updating of the likelihood distribution as additional data becomes available may be achieved by the application of Bayes' equation in the following form: one. Given the results from the first period of simulation, the resulting posterior distribution can be used as the prior distribution for the next period. If further observational data from the next period are available, the resulting likelihood values can be used with Equation (3) to update the posterior likelihood distribution for any further predictions [6] . As can be seen from Figure 10 , the observed discharge is generally contained within the calculated uncertainty bounds. This illustrates that the application of the XAJ model to Yandu River is feasible. The uncertainty bounds calculated by posterior distributions updated using the observation data tended to be narrower and contained more observed discharges compared to those calculated by prior distributions. This suggests that the forecast precision is improved after considering uncertainty.
Model validation. When using GLUE methodology, the posterior distributions calculated can be directly used to evaluate the uncertainty bounds of a future event without observed data. The method could also be used to validate the model through observed data which have not been used in updates. Fig.3 . shows the uncertainty bounds of 3 floods obtained from posterior distributions for 12 floods in the Yandu River watershed.
As can be seen from Fig.3 , the effect of model validation for most of the floods is good. Most of the observed discharges fall inside the 90% uncertainty bounds. It can be inferred that likelihood distributions calculated from the top 6 floods can be used for flood forecasting and can obtain a reasonable forecasting interval. 
Conclusions
A new research methodology is presented which involves fixing some insensitive parameters and then analyzing the uncertainty of the other parameters. The results show that after eliminating the influence of insensitive parameters, the parameter "equifinality" phenomenon is still evident. It is inferred that a comprehensive evaluation of the uncertainty of hydrological forecasting cannot be made only through parameter sensitivity analysis. The results show that the scatter plot of parameters K, SM, and CS exhibit likelihood values with higher slopes and exhibit more obvious clustering in the daily rainfall-runoff simulation. Also, the parameter uncertainty has a tendency to reduce. The 90% uncertainty bounds of model forecast are obviously narrowed and could more properly contain the observed runoff process. It is inferred that the influence of insensitive parameters is one of the factors impacting hydrological forecasting uncertainty.
